Recent measurements and hydrodynamic model calculations suggest that the higher-order flow coefficients v 4 and v 5 have two contributions: a linear contribution driven by the initial-state eccentricities, ε n , and a mode-coupled contribution derived from the lower-order eccentricity coefficients ε 2 and ε 3 . Measurements of these two contributions to v 4 and v 5 provide crucial insights to discern initial-state models and to constrain the temperature-dependent specific shear viscosity, η/s, of the plasma produced in heavy-ion collisions. In this work, we have employed the two-subevents cumulant technique to provide the first beam-energy and collision-system dependence of the linear and mode-coupled contributions to the higher-order flow harmonics. Our results are shown and discussed for several centrality intervals for U+U collisions at √ s NN = 193 GeV, Au+Au collisions at √ s NN =200, and 54.4 GeV and Cu+Au collisions at √ s NN =200 GeV.
Introduction
Ongoing investigations of the matter produced in heavy-ion collisions at the Relativistic Heavy Ion Collider (RHIC) and the Large Hadron Collider (LHC) indicate that an exotic state of matter called Quark-Gluon Plasma (QGP) is produced. Many of these studies are aimed to understand the dynamical evolution and transport properties of QGP [1, 2] .
The measurements of the azimuthal anisotropy of the particle production called anisotropic flow have been used in various studies to explain the viscous hydrodynamic response to the initial spatial distribution in energy density, created in the early stages of the collision [3, 4] .
The anisotropic flow can be described via the Fourier expansion [5] of the azimuthal angle distribution of the particle production:
where V n = v n exp(inΨ n ) is the n th complex flow vector, Ψ n represents the flow vector direction, and v n is the flow vector magnitude. The azimuthal anisotropic flow harmonic v 1 is known as directed flow, v 2 as elliptic flow, and v 3 as triangular flow, etc. To a good degree, the lower-order flow harmonics v 2 and v 3 are linearly related to the initial-state anisotropies ε 2 and ε 3 respectively [6] . However, the higher-order flow harmonics, v n>3 , arising from linear response to the same-order initial-state anisotropies along with non-linear response to the lower-order eccentricities ε 2 and/or ε 3 [7] . Consequently, the full benefit of the higher-order flow harmonics for η/s extraction [8] benefits form a robust separation of their linear and non-linear contributions.
The higher-order flow harmonic V 4 can be expressed as:
where χ 4,22 is the non-linear response coefficients. The value of χ 4,22 constrains the magnitude of V Non−linear 4 . Also the magnitude of V Non−linear 4 encodes the correlations between the flow symmetry planes Ψ 2 and Ψ 4 . In this work, we employ the multiparticle cumulant method [9] to measure the p T -integrated inclusive, non-linear and linear higher-order flow harmonic v 4 in collisions of U+U at √ s NN = 193 GeV, Cu+Au at √ s NN = 200 GeV and Au+Au at several beam energies.
Method
The STAR data of charged particles were analyzed with the multiparticle cumulant technique [10, 9] . The framework for the standard cumulant method is discussed in Ref. [10] ; its extension to the subevents method is reported in Ref. [9] . In order to minimize the non-flow correlations in the two-subevent method, the cumulants are constructed from two-subevents which are separated in η. Thus, the constructed multiparticle correlations can be written as:
where, represents the average over all particles in the event, which are then averaged over event sample, k, n and m are harmonic numbers and ϕ i is the i th particle's azimuthal angle. For the two-subevent method, subevent A and subevent B are required to have a minimum ∆η > 0.6 separation, i.e. η A > 0.3 and η B < −0.3.
Using Eq.(4) the linear and non-linear modes in the higher order anisotropic flow harmonic v 4 can be expressed as: Equation (5) assumes that the linear and non-linear contributions in v 4 are independent [11] , which is a correct approach if the correlation between the lower-(n = 2, 3) and higher-order (n > 3) flow coefficients is weak. Fig. 3 . The magnitudes and trends for both inclusive and non-linear v 4 show a weak system dependence, albeit with more visible differences between Cu+Au and Au+Au than between U+U and Au+Au.
Results

Summary
In summary, we have used the cumulant method to measure the inclusive, linear and non-linear 
